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Abstract 
The developed double Switched Reluctance motors parallel drive is presented, which is made up of two four-phase 8/6 structure 
Switched Reluctance motors, two four-phase asymmetric bridge power converters and the controller. The four-phase 8/6 
structure Switched Reluctance motor, the four-phase asymmetric bridge power converter and the control scheme are described. 
The closed-loop rotor speed control of the main motor and the closed-loop rotor speed control of the subroutine motor could be 
based on the pulse width modulation fuzzy logic algorithm, which is implemented by dual 89C52 single chip microprocessor 
controller. The experimental results of rotor speeds and phase currents in two Switched Reluctance motors are given. 
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1. Introduction 
The electric locomotives in coal mines are driven by series direct current motor drive system. The accessional 
resistor regulated control or the chopping control is used to adjust the rotor speed of the series direct current motor 
and to control the speed of electric locomotive. The Switched Reluctance motor drive can be operated at four 
quadrants[1]. It could be used as electrical traction for electric locomotives in coal mines[2][3]. The soft mechanical 
characteristics of Switched Reluctance motor drive[4] contribute to parallel double Switched Reluctance motor drives 
system with synchronization of the rotor speed and the loads being in equilibrium. The double Switched Reluctance 
motors parallel drive system can be used to replace the series direct current motor drive system as the adjustable 
speed motor drive for the electric locomotives. The Switched Reluctance motor drive is made up of the Switched 
Reluctance motor, the power converter and the digital controller. There are four-phase 8/6 structure Switched 
Reluctance motor and three-phase 6/4 structure Switched Reluctance motor. The fault tolerance ability of four-phase 
8/6 structure Switched Reluctance motor is higher than that of three-phase 6/4 structure Switched Reluctance motor 
so that four-phase 8/6 structure Switched Reluctance motor is adopted in the system. There are asymmetric bridge 
circuit, bifilar winding circuit, common switch circuit, resistance commutation circuit, split supply circuit, 
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 inductance commutation circuit for four-phase power converter with four-phase 8/6 structure Switched Reluctance 
motor. The four-phase asymmetric bridge power converter circuit is adopted in the system due to its independence 
in each phase. The digital microprocessor has the advantages in high reliability and stability for control of Switched 
Reluctance motor drive. Some control algorithms can be implemented by the digital microprocessor. The Switched 
Reluctance motor drive is based on Intel 8031[5], Intel 80C196KB[6], Intel 87C196KC[7]. The 89C52 digital 
microprocessor had been developed for sliding mode and PI control of a single Switched Reluctance motor drive[8]. 
The paper presents dual 89C52 single chip microprocessors controller for double Switched Reluctance motors 
parallel drive. It is not easy to gain the exact mathematical model of Switched Reluctance motor drive since it has 
nonlinear magnetic paths in the motor and nonlinear circuit topology in the power converter. It is not necessary for 
the fuzzy logic control to gain the exact mathematical model of Switched Reluctance motor drive. The rotor speed 
closed-loop control could be implemented based on the fuzzy logic algorithm. 
2. Scheme of system 
The developed double Switched Reluctance motors parallel drive consists of two four-phase 8/6 structure 
Switched Reluctance motors, two four-phase asymmetric bridge power converters and the digital controller. 
2.1. Motor 
Two four-phase 8/6 structure Switched Reluctance motors are adopted in the developed double Switched 
Reluctance motors parallel drive. The cross section of the four-phase 8/6 structure Switched Reluctance is shown in 
Fig.1. There are eight poles in the stator, while six poles in the rotor. The two coils on the diametrically opposite 
stator poles can be connected to make up a phase winding. There is only phase winding in the stator. There is no 
winding, no magnet and no brush in the rotor. There is a rotor position detector on the motor for detecting rotor 
position and speed. The photograph of the developed dual four-phase 8/6 structure Switched Reluctance motors is 
shown in Fig. 2. 
 
                                                                       
Fig.1. Cross section of the four-phase 8/6 structure SR motor            Fig.2. Photograph of the developed dual four-phase 8/6 structure SR motors 
2.2. Power converters 
The main circuit of the two four-phase asymmetric bridge power converters with phase windings, “A1”, “B1”, 
“C1” and “D1”, “A2”, “B2”, “C2” and “D2”, is shown in Fig.3. 
2.3. Control scheme 
The turned-on angle and the turned-off angle of the main switches are fixed. The triggered signals of the main 
switches in the dual power converters are modulated by PWM signal. The closed-loop rotor speed control in the 
main Switched Reluctance motor could be implemented by comparison of the given rotor speed and the real rotor 
speed of main motor, and by regulation of the duty ratio of PWM signal in main power converter with fuzzy logic 
control algorithm. The closed-loop rotor speed control in the subroutine Switched Reluctance motor could be 
implemented by comparison of the real rotor speed of main motor and the real rotor speed of subroutine motor, and 
by regulation of the duty ratio of PWM signal in subroutine power converter with fuzzy logic control algorithm. 
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The fuzzy logic control algorithm in an 89C52 digital microprocessor for the main motor could be 
                                     11 fgi nne −=                                                                                   (1) 
where, the given rotor speed is ng, and the real rotor speed is nf1, the deviation of the rotor speed of the main motor 
at the moment of ti is ei1. Variation from the deviation of the rotor speed is as 
                                     1)1(11 −−= iii eee&                                                                                (2) 
where, e(i-1)1 is the deviation of the rotor speed at the moment of ti-1. The duty ratio of the PWM signal of the main 
motor at the moment of ti is 
                                   11)1(1 iii DDD ∆+= −                                                                              (3) 
where, 1iD∆  is the increment of the duty ratio of the PWM signal at the moment of ti and D(i-1)1 is the duty ratio of 
the PWM signal at the moment of ti-1. The fuzzy logic algorithm could be expressed as 
      if 11
~~
iEE =  and 11
~~
jCECE =   then 11
~~
ijUU =  ,    i = 1,2,…, m, j = 1,2, …,n                                (4) 
where, 1
~E  is the fuzzy set of the deviation of the rotor speed, 1
~CE  is the fuzzy set of the variation from the 
deviation of the rotor speed, and 1
~U  is the fuzzy set of the increment of the duty ratio of the pulse width modulation 
signal. 
  The fuzzy logic control algorithm in the other 89C52 digital microprocessor for the subroutine motor could be as 
follows 
                                    212 ffi nne −=                                                                                     (5) 
where, the real rotor speed of the subroutine motor is nf2, the deviation of the rotor speed of the subroutine motor at 
the moment of ti is ei2. The variation from the deviation of the rotor speed is as follows 
                                   2)1(22 −−= iii eee&                                                                                    (6) 
where, e(i-1)2 is the deviation of the rotor speed at the moment of ti-1. The duty ratio of the PWM signal of the main 
motor at the moment of ti is 
                                          22)1(2 iii DDD ∆+= −                                                                              (7) 
where, 2iD∆  is the increment of the duty ratio of the PWM signal at the moment of ti and D(i-1)2 is the duty ratio of 
the PWM signal at the moment of ti-1. The fuzzy logic algorithm could be expressed as follows 
if 22
~~
iEE =  and 22
~~
jCECE =    then 22
~~
ijUU = , i = 1,2,…, m, j = 1,2, …,n                       (8) 
where, 2
~E  is the fuzzy set of the deviation of the rotor speed, 2
~CE  is the fuzzy set of the variation from the 
deviation of the rotor speed, and 2
~U  is the fuzzy set of the increment of the duty ratio of the pulse width modulation 
signal. 
The closed-loop rotor speed control of the main motor and the closed-loop rotor speed control of the subroutine 
motor could be based on the pulse width modulation fuzzy logic algorithm, which is implemented by dual 89C52 
single chip microprocessors controller. The photograph of the developed dual 89C52 single chip microprocessors 
controller is shown in Fig. 4.  
The schematic diagram of the developed dual Switched Reluctance motors parallel drive prototype is shown in 
Fig.5. There are the protection circuit, the commutation circuit and the gate driver circuit in each motor drive system, 
respectively. 
3. Experimental tests 
The developed dual Switched Reluctance motors parallel drive prototype is supplied by DC 132V storage 
batteries. The experimental results in the rotor speed curves of the two motors are shown in Fig. 6. In  Fig. 6 a) the 
given rotor speed ng = 400 r/min, b) the given rotor speed ng = 750 r/min, c) the given rotor speed ng = 1100 r/min. 
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 The experimental results in the phase current waveforms of the two motors are shown in Fig. 7. In  Fig. 7 a) the 
given rotor speed ng = 400 r/min, b) the given rotor speed ng = 800 r/min, c) the given rotor speed ng = 1040 r/min. It 
is shown that synchronization of the rotor speeds of the motors is well. The difference in the peak value of phase 
current of the two motors and in phase current waveforms of the two motors is small. It means that the loads are 
distributed on the two motors in equilibrium. 
 
                                       
Fig. 3. Main circuit of the power converters                                                         Fig. 4. Photograph of the developed digital controller 
 
Fig. 5. Schematic diagram of the developed dual Switched Reluctance motors parallel drive prototype 
4. Conclusions 
The soft mechanical characteristics of Switched Reluctance motor drive contribute to parallel dual Switched 
Reluctance motors with synchronization of the rotor speed and the loads being in equilibrium. The prototype made 
up of two four-phase 8/6 structure Switched Reluctance motors, two four-phase asymmetric bridge power converters 
and the digital controller is developed. The closed-loop rotor speed control in the main Switched Reluctance motor 
and the closed-loop rotor speed control in the subroutine Switched Reluctance motor are implemented by PWM 
fuzzy logic control algorithm, which are based on dual 89C52 digital microprocessors. The experimental results in 
the rotor speed curves of the two motors and in the phase current waveforms of the two motors show that 
synchronization of the rotor speeds of the motors is well and the loads are distributed on the two motors in 
equilibrium. 
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                                     a)                                                                          b)                                                                          c) 
Scale: Abscissa: 0.5 s/div., Ordinate: 500 r/min/div. 
Fig. 6. Tested rotor speed curves 
    
              a) Scale: Abscissa: 5.0 ms/div.                           b)  Scale: Abscissa: 2.0 ms/div.                             c) Scale: Abscissa: 2.0 ms/div.  
Scale: Ordinate: 4.0 A/div. 
Fig. 7. Simulated phase current waveforms 
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